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TllFrr PTM F""™**. OPTTCAT, MEMORY 



TVr.hnir.al field 



The present invention relates to a three-dimensional optical memory 
with fluorescent photosensitive materials and more particularly to a method 
Ind S vtce for'storage and retrieval digital data, using ^escenc 
phenomenon. The device presented in the invention is a WORM type 
storage system (write-once-read-many). 
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Riirl^ronn^ "fthp. invention 

It is known that the growing of computer a PP lication ^ 
necessity for memories with huge storage capacity needed for Uhnmes, 
government agencies, hospitals, etc.The new memories should hav 
following characteristics: low-cost, small size and low energy 

"^memory technologies, such as semiconductor memories, CD- 
ROMs rigid and flexible magnetic disks, and magnetic tape store 
Nation on a two-dimensional support.Due to their 2-D nature, these 
memories are not able to provide parallel access, and their access time 
grows with increasing capacity. , 
A solution is the use of the third dimension. Three-dimensional optical 
memories have higher theoretical storage capacity than present _-LJ 

^^orexample, the maximum theoretical storage density for an optical 
disk is ia 2 - 3.5xl0 8 bits/cm 2 , while for a 3-D memory 

35 6 5xl0 12 bits/cm 3 assuming that the same wavelength of light X -500 nm 
is used to access the information. In addition, 3-D optical memory have the 
potential for parallel access, because an entire plane can be read or written 
n a single operation. 3-D data storage was experimented on holographic 
memories made by photorefractive materials (D. Psaltis and F. Mok, 

40 Scientific American, November 1995, p.52). 
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Summary of the in vention 

It is the object of the present invention to employ the fluorescence 

phenomenon to provide a WORM type 3-D ^. n ^^ C ft th ^ 
5 cycle uses fluorescence rather than changes in absorption a highei 

^fj^-b-cd on writing and reading the information* 
fluorescent photosensitive materials namely fluorescent Photosensitive 
oZ (Romanian Patent Application No. 97- 00005, January 6 1997 and 
10 a fluo eseent photosensitive vitroceramic (Romanian Patent AppUcaUon* 
No 97-00233, February 4, 1997 and No. 97-00761 April 21 1997) 
created by the author of present invention. Writing and reading ot said 
data are carried out with a confocal microscope. The confocal principle 
was invented by Marvin Minsky. A point light source is imaged in the 
1 5 object plane. The emitted fluorescent light is directed to a photomul iphei 
Ihroueh a detector pinhole. The pinhole is a spatial filter, which permits the 
analysing of the light issued only from the focal plane containing this 
object This fact ensures obtaining an improved spatial resolution. A 
computer displays the point as a pixel on a screen In order to produce a 
20 complete image, the light point is moved over the entire object The 
aZgement of the detector pinhole, conjugated to the illumination pinhole, 
™ es that only information from the focal plane reaches the detector. 
The confocal principle is especially valuable in fluorescence microscopy 
since it almost completely eliminates stray light not coming from local 

25 Thus 'the system is able to produce fluorescence images with optimum 
clarity and resolution of fine details. Confocal system LEICA TCS N 
achieves an x-/v-resolution of 0.18u (FWHM) and a corresponding z- 
resolution of better than 0.35u (FWHM) at X = 488nmand N.A.-l 32. 

30 The analyzed volume of the sample is under 1 um\ An improvement ot the 
fluorescence microscopy has been obtained with two-photon process which 
is used for the excitation of fluorescent photosensitive material. The two- 
photon microscopy is a non-linear technique that provides intrinsic three- 
dimensional resolution with negligible out-of-focus photoexcitation . A 

35 similar result is obtained if the excitation beam is perpendicular to the 
fluorescence beam. The writing process consists of the irradiation ot 
fluorescent photosensitive material with a radiation producing a 
fluorescence extinction in the irradiated areas. The reading is obtained by 
the excitation of material. Non-irradiated areas have a strong fluorescence 

40 Invention presents the advantage of a novel device for storage and 

retrieval data having application in computers. 
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The invention is farther illustrated by four examples which disclose the 
rh » racteri stic features of the invention. 

T ob£t, features and advantages of the invenfon wil! become dear 
from the following description set forth below, in conjunction with the 

drawings, in which: . 
FIG. 1 is a block diagram for the writing/reading device. 
0 FIG ? is a diagrammatic view of the confocal microscope. 

Referring to FIG. 1 an optical system tor recording and reading data on 
optical memory 1 is shown. The experimental system includes: a contocal 
microscope 2, vertical scanning systems 3, 7 , a radial scanning system 4 
a laser (1)5, laser (2) 6 and an engine 8 used for rotation ot the optical 
15 memory l.The writing process consists in the irradiation oia sekct^d 
volume of memory 1 with a light beam ot the laser (1). The volume 
selection is carried out with said confocal microscope 2 vertical scanning 
'system 3 and radial scanning system 4. The irradiated volume o 
fluorescent photosensitive material suffers a transition ( at electronic leve 
•>0 for fluorescent photosensitive glass and at structural level tor fluorescent 
photosensitive vitroceramic) which produces the fluorescence extinction. 
Two procedures could be used for reading. One of these procedures 
produces the excitation with one-photon process. Laser (2) and vertical 
scanning system 7 are used in the optical system. The second procedure 
25 which is based on said two-photon process, directs the beam ot laser (1 ) to 

the specimen. ... , u oc t u P 

The confocal microscope (FIG.2) used in writing processes has the 
following elements: two pinholes 9, 10, the lens 11,12, 13, 15, the beam- 
splitter 14, the laser 5 and the detector 16. 
30 The present invention will be illustrated in greater details bv the 

following examples, but the merits thereof are not intended to be limited by 
the materials, compositions and procedures described in these examples. 
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Example 1 : A Ce, Eu doped fluorescent photosensitive S^s *s used 
as a support for the optical memory namely: Na,O-P 2 O 5 -0.005 CeO 2 -0.005 

Memory writing is carried out with said laser (1 ) (XeCl laser) at V=3 08 
nm and the memory reading is based on said laser (2) Nd:YAG laser 
40 with X ,=532 nm. 
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Example 2 : A fluorescent photosensitive : glass is the support of optica, 
memory as a variant of Example 1: 2NaX>- (Y..EU...P! „,),0, 5 I'M 
xTwnting process uses a two-photon absorpuon ot laser hgh The 
Lrding .serried out by ^ »re l f r 0 a , -£0 nm 
with lOOfs laser pulses. A Nd.YAU lasei <u ^ 
fluorescent material for said reading process. 

Example 3 : A Tb doped fluorescent photosensitive vitroceramic is used 

for the optical memory (wt%), namely: 
,0 SfiKMSPbR-lAALOrlOYF,- 11Wr0.05SbA-0.0lAg 

The ecor^g and reading are based on the two-photon Presses. A 

Enable TKsapph^e laser (1) with lOOfs laser pulses wntes at X, = 720 nm 

and reads at X : = 750 nm. 
1 <5 Example 4 : A similar fluorescent photosensitive vitroceramic as in 

2 3F-0 7Br The writing is carried out with a tunable Ti: . sapplnre laser (1) 
with lOOfs laser pulses using X.- 720 nm while for readmg is used 

20 X ,= 980 nm. 
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in i a data storage and retrieval system characterized in that the 

10 lor centph^ 

and fluorescent photosensitive vitroceramic) are used as a support tor 

optical memory. 

2. A data storage and retrieval system as in claim 1 characterized in that 

it comprises: 

i) a laser (1)5 for writing; 

ii) a confocal microscope 2; 

iii) a vertical scanning system 3 and a radial scanning system 
4 used for the movement of writing and excitation beams; 

iv) a rotating optical memory 1; 

v) an excitation laser (2) 6 provided with a vertical scanning 
system 7 for reading the optical memory by one-photon 

process. 

3. A data storage and retrieval system according to clj™ » ^ 
characterized in that the laser (1) is a pulse laser with 1001s User 
pulses and uses for writing and reading the two-photon process. 

30 4 A data storage and retrieval system according to claims 1 and 2 
' characterized in that the excitation beam is perpendicular on 
fluorescence beam in the case of one-photon process. 

5 A data storage and retrieval system according to claims 1 , 2, 3 and 4 
3 5 ' characterized in that the two lasers are tunable in order to operate at 
a variable frequency. 
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